Prior intravascular ultrasound (IVUS) studies have demonstrated that a positive remodeling pattern of a culprit lesion is observed more frequently in acute coronary syndrome (ACS) than stable angina (SA). However, the relationship between the plaque morphology detected by IVUS and the histological type of atherosclerotic plaque has not been well defined. This is a prospective study on 37 consecutive patients who underwent directional coronary atherectomy. The 37 patients were divided into 2 groups; 21 patients with SA and 16 with ACS. Vessel and plaque cross sectional area were measured at the culprit lesion and the remodeling index (RI) was calculated by IVUS. The plaque tissue was assessed for the presence of inflammatory cells and lipids, and the presence of each was scored as 0 (absent), 1 (sparse), 2 (dense), or 3 (predominant). The RI of the patients with ACS was higher than that of SA. Inflammatory cells were present to a greater extent in patients with ACS. Inflammatory cells and lipids were significantly correlated with the RI (Inflammatory cell score grade ≥ 2 patients; 1.14 ± 0.13 versus grade 0 patients; 0.87 ± 0.24, and grade 1 patients; 0.93 ± 0.17, P < 0.01 and lipid score grade ≥ 2 patients; 1.13 ± 0.17 versus grade 0 patients; 0.85 ± 0.18, P < 0.001 and grade 1 patients; 0.95 ± 0.19, P < 0.05). The results clearly indicate that the evaluation of vessel morphology by vascular imaging is an important indicator of plaque instability. (Int Heart J 2006; 47: 683-693) Key words: Arterial remodeling, Atherectomy, Intravascular ultrasound, Vulnerable plaque THE histological characteristics of culprit atherosclerotic plaques in acute coronary syndrome (ACS) are associated with a thin fibrous cap 1,2) and a lipid + inflammatory cell rich core. [3] [4] [5] Macrophages are the principal inflammatory cell of the plaque, and are capable of releasing proteolytic enzymes, in particular matrix metalloproteinases (MMPs), which degrade types I and III collagen.
Release of these enzymes may degrade matrix components beneath the fibrous cap as well as beneath the medial layer at the base of the plaque, leading to weakening of the fibrous cap 8) and weakening of the arterial collagenous "skeleton", respectively.
9) It has been reported that large lipid cores and macrophage infiltration are associated with greater plaque burden and compensatory enlargement of the vessel (positive remodeling) in postmortem studies. [10] [11] [12] However, the relationship between histological type of atherosclerotic plaque and morphological pattern at the culprit lesion has not been fully evaluated in patients with coronary artery disease. The aim of this study was to evaluate the relationship between the characteristics of atherectomy tissue and intravascular ultrasound (IVUS) parameters.
METHODS

Patient population:
The study population consisted of 44 patients treated with directional coronary atherectomy (DCA) for single de novo lesions between July 1, 2002 and June 30, 2004. Inclusion was based on the suitability of the lesion for DCA, that is 1) nonocclusive; 2) no severe calcification or significant thrombus; and 3) < 3 cm distal to the coronary ostia, < 90° angulation, and < 20 mm lesion length. Seven patients were excluded because the intravascular ultrasound parameters were not measured precisely (a side branch was present very near the lesion). The remaining 37 patients were divided into 2 groups; 21 patients with stable angina (SA) and 16 patients with acute coronary syndrome (ACS). Written informed consent was obtained from all the study patients before catheterization, and the study was approved by our institutional review board. Definition of clinical presentation: Clinical presentation was defined according to the severity of symptoms and the time that had elapsed from the onset of symptoms. The ACS group included patients with unstable angina (new onset or changed pattern of angina over the previous 2 months and Canadian Cardiovascular Society class IV angina at presentation) or recent myocardial infarction (myocardial infarction < 14 days before the intravascular ultrasound examination). Stable angina was defined as Canadian Cardiovascular Society (CCS) class I or II angina unchanged over > 2 months. Procedure and medication: All patients were premedicated with aspirin (162 mg) and received heparin (5000 U) before the catheterization procedures. Before and after DCA, a 30-MHz 2.9 Fr monorail ultrasound catheter (CIVIS) was used for the ultrasound study. After intracoronary administration of 300 µg of nitroglycerin, the ultrasound catheter was placed over the guidewire beyond the target lesion site using fluoroscopic guidance. The transducer was withdrawn using an Vol 47 No 5 auto pullback (0.5 mm/sec) device. Ultrasound images were recorded on 0.5-inch S-VHS videotapes for quantitative analysis of the data.
DCA was performed using a Simpson AtheroCath (Flexi-cut AtheroCath Devices for Vascular Interventions) as previously described. 13, 14) Balloon pressures were increased progressively from 20 psi to a maximum of 120 psi. The goal was to achieve an angiographic residual diameter stenosis < 20%. Intravascular ultrasound analysis: After the procedure, off-line analysis of the images of the culprit lesion and the proximal reference segments was performed by 2 operators blinded to the clinical presentation. The culprit lesion site was selected as the image slice with the smallest cross-sectional lumen area. The reference was taken as the most normal-looking cross section within 10 mm proximal to the lesion. Quantitative measurements of the ultrasound images were obtained from the frames at the end-diastolic phase. At each selected site, the intimal leading edge boundary and the leading edge of the adventitia were used to manually trace the lumen and the external elastic membrane (EEM) area. The total plaque area was calculated as EEM area minus lumen area. The percent cross-sectional narrowing (%CSN) was obtained by dividing the plaque area by the EEM area. The remodeling index (RI) was defined as the ratio of the EEM area at the lesion site to the EEM area for the reference. Based on the value of the index, we divided the lesions into 3 groups; positive remodeling, an RI > 1.05; absence of remodeling, an RI between 0.95 and 1.05; and negative remodeling, an RI < 0.95.
15,16)
Atherectomy specimens and immunohistochemistry:
Atherectomy specimens obtained from each lesion were fixed at the time of the procedure in 10% buffered formalin and routinely processed for paraffin embedding. Sixty-four atherectomy specimens from 16 lesions in ACS and 74 specimens from 21 lesions in SA were used for analysis. Serial 5 µm sections were cut, mounted on lysine-coated slides, deparaffinized and rehydrated with phosphate-buffered saline (PBS), and then stained with hematoxylin and eosin. Each slide was examined under light microscopy and analyzed by 2 independent observers blinded to the clinical diagnosis of the patient. Adjacent serial sections were mounted for immunohistochemistry. The primary monoclonal antibodies used were anti-CD68 (DAKO) for detecting macrophages, and anti-smooth muscle actin (DAKO) for the detection of smooth muscle cells. divided by the number of sections. The average lesion score was separated into 4 segments: grade 0 (average score < 1), grade 1 (1 ≤ average score < 2), grade 2 (2 ≤ average score < 3), and grade 3 (average score 3) (Figure 1) . Thrombus, which stained red, was excluded for histological analysis. Statistical analysis: Continuous data are expressed as the mean ± standard deviation. For the comparison of clinical data, intravascular ultrasound parameters, and histological data, the unpaired Student's t test was used for continuous data. The categorical indices were analyzed using the chi-square test. Univariate comparison of morphological data for the histological scores was accomplished using an ANOVA means table with Fisher's post-hoc test. Differences with a P value of < 0.05 were regarded as statistically significant.
RESULTS
Patient population:
The clinical characteristics of the study patients are summarized in Table I . There were no significant differences in demographic data and clinical characteristics between the ACS and SA groups. Short-term results of DCA: Quantitative angiographic analysis showed that the preprocedure initial reference lumen diameter (RLD) was 3.05 ± 0.64 mm, minimum lumen diameter (MLD) was 1.13 ± 0.37 mm, and percent stenosis was 62.6 ± 14.4%. After the procedure, RLD was 3.06 ± 0.60 mm, MLD had increased to 2.89 ± 0.53 mm, and percent stenosis had decreased to 15.1 ± 11.0%. The lesion success ratio (posttreatment diameter stenosis < 50%) was 100%. A suboptimal result (residual stenosis 20% to 50%) was observed in 9 patients. There were no in-hospital deaths or emergency CABG. Other complications included localized perforation (oozing) in 1 patient and distal embolism (slow reflow) in 2 patients. vessel and plaque areas were slightly larger in the ACS group. RI tended to be larger in the ACS group than in the SA group (1.07 ± 0.26 versus 0.92 ± 0.15, P = 0.06). Positive remodeling was observed more frequently in patients with ACS than with SA (62.5% versus 19.0%, P < 0.05). The %CSN was decreased from 84.8 ± 8.8 to 48.8 ± 9.0 (P < 0.001) after atherectomy in all of the patients. %CSN after atherectomy was similar between the ACS and SA groups. Based on the IVUS imaging results, 9 lesions (24.3%) were defined as soft, 17 (45.9%) as mixed, and 11 (29.8%) as hard plaque. Lipid pools (echo lucent zone) were observed in 11 patients and dense calcification was seen in 12 patients. There were no significant differences in these parameters between the ACS group and the SA group. Histological results: A comparison of histological variables between ACS and SA is shown in Figure 2 . The ACS group had a larger proportion of inflammatory cells than the SA group (P < 0.05). Lipid distribution was not significantly different and elastic tissue and fibrosis were similar in the 2 groups. Correlation of plaque composition with arterial remodeling: Patients with an inflammatory cell score grade ≥ 2 had larger plaque CSA and higher RI than other grade patients (Figure 3 ). Patients with a lipid score grade ≥ 2 had larger plaque CSA and higher RI (Figure 4 ). No such relationship was observed for the elastic tissue and fibrosis score.
DISCUSSION
The significant finding of the present study was the accumulation of plaque detected by IVUS is significantly correlated with the histological score of inflammatory cells and lipid. These results clearly show that positive remodeling detected by IVUS is an important indicator of plaque instability.
Although angiography is the standard method by which to assess the extent and severity of coronary artery disease, radiographic evaluation of coronary anatomy has many limitations because angiography records only a silhouette of vessel lumen. Intravascular ultrasound (IVUS) appears to be more sensitive than angiography for demonstrating the presence and extent of atherosclerosis as well as differentiating fibrous and calcified regions within vessel walls. 17, 18) IVUS imaging provides morphologic and quantitative data of the normal and diseased arterial wall 19, 20) and represents a histological study of the coronary artery during life. [21] [22] [23] In the progression of ACS, plaques rich in extracellular lipids 3) and a large number of macrophages 4, 5, 24) are possibly more vulnerable to rupture. Postmortem studies have shown that large lipid cores and macrophage infiltration are associated with greater plaque burden and a positive remodeling pattern of the culprit Vol 47 No 5 lesion in ACS. [10] [11] [12] Recent IVUS studies have demonstrated that positive remodeling (enlargement of vessels) and a large plaque area are observed more frequently in ACS than stable coronary artery disease. 13, 14, 22) This study was in agreement with this conclusion that IVUS parameters were enhanced with clinical risk. Our results also demonstrated that plaque morphology detected by IVUS was associated with vulnerability of histological characteristics in the culprit lesion. A previous study comparing atherectomy tissue with IVUS parameters showed that an increased percentage of cell-associated MMP-3 staining was related to positive remodeling. 25) However, our results showed that some patients had a discrepancy between the amounts of inflammatory cells and lipids in atherectomy tissue. Recent reports have found that erosion of plaques lacking a superficial lipid core or plaque rupture comprises 30% to 40% of cases of sudden death due to coronary thrombosis. 5, 26) A postmortem study has demonstrated that erosion of plaques lacking a superficial lipid core results in arterial shrinkage. 12) These results suggest that heterogeneous mechanisms such as plaque rupture and plaque erosion may be observed in patients with ACS, and the smaller plaque accumulation in the setting of ACS may be due to plaque erosion in this study. Study limitations: There are several limitations to this study. First, this analysis includes a limited number of patients who underwent IVUS-guided DCA. Second, we measured a single cross-sectional image at the reference and the culprit lesion site. Some errors in comparing pre-and post-DCA images might have occurred, although the reproducibility of sequential IVUS measurements was used. Third, the culprit lesion was identified at the time of angiography and IVUS, but the activity of plaque at this lesion was beyond high sensitivity because severely stenotic lesions might have already expressed the peak of activity.
Because of technical limitations, the presence of an ultrasound catheter within severe lesions may have altered the vessel geometry, and the vessel morphology is not well described for severe lesions. In the histological analysis, although there was little disagreement between the 2 observers, consistent overestimation or underestimation of tissue characteristics may have occurred because the type of tissue analysis is semiquantitative. Conclusion: We investigated the relationship between the plaque morphology detected by IVUS and histological characteristics of atherectomy tissue. The results demonstrate that the accumulation of plaque and remodeling index are significantly correlated with the inflammatory cell and lipid scores. These results support the contention that the evaluation of vessel morphology by a vascular imaging device is an important indicator of plaque instability.
